Using spectra taken with the AAOmega spectrograph, we measure the radial velocities of over 100 stars, many of which are intermediate age carbon stars, in the direction of the dwarf irregular galaxy NGC 6822. Kinematic analysis suggests that the carbon stars in the sample are associated with NGC 6822, and estimates of its radial velocity and galactic rotation are made from a star-by-star analysis of its carbon star population. We calculate a heliocentric radial velocity for NGC 6822 of −51 ± 3 km s −1 and show that the population rotates with a mean rotation speed of 11.2 ± 2.1 km s −1 at a mean distance of 1.1 kpc from the galactic centre, about a rotation axis with a position angle of 26 • ± 13 • , as projected on the sky. This is close to the rotation axis of the HI gas disk and suggests that NGC 6822 is not a polar ring galaxy, but is dynamically closer to a late type galaxy. However, the rotation axis is not aligned with the minor axis of the AGB isodensity profiles and this remains a mystery.
INTRODUCTION
NGC 6822 (Barnard's galaxy) is a relatively bright and well studied dwarf irregular galaxy. It lies within the Local Group (LG), quite close to the Milky Way, and is the third nearest dwarf irregular galaxy after the Large and Small Magellanic Clouds. It was the first object to be shown to lie outside the Milky Way by Edwin Hubble (Hubble 1925) . It has no known close companions and lies in a region relatively devoid of other galaxies (de Blok & Walter 2000) . Despite its apparent isolation, there is some evidence of tidal interaction and a burst of star formation 100 − 200 Myr ago (de Blok & Walter (2000) and references therein).
The location of NGC 6822 has a range of published values for right ascension (α) and declination (δ ) 1 , but for the purposes of this paper we use α = 19 h 44 m 56 s , δ = −14 • 48 06 (J2000). This is at the centre of a 3 deg 2 field used by Sibbons et al. (2012 Sibbons et al. ( , 2015 and is adopted here for consistency, since this study uses spectra drawn from their sample.
The galactic distance is variously reported to lie be- tween 450 to over 500 kpc. For the purposes of this paper, its distance is not important, but where we do use it, we again adopt the same value as Sibbons et al. (2012 Sibbons et al. ( , 2015 , 490 ± 40 kpc, for consistency with that work. This is the value quoted in Mateo (1998) . Sibbons et al. (2012 Sibbons et al. ( , 2015 also quotes a distance modulus for NGC 6822 of (m − M) 0 = 23.45 ± 0.15 (≈ 490 ± 34 kpc). In recent years, papers have been published which have provided new distance moduli using Cepheid variables. Many of these re-estimates have reduced the radial distance to NGC 6822 by about 10% from the value used herein. The distance modulus derived by Gieren et al. (2006) is (m − M) 0 = 23.312 ± 0.021 (≈ 460 ± 4.4 kpc), Feast et al. (2012) gives (m − M) 0 = 23.40 ± 0.05 2 (≈ 479 ± 11 kpc), and Rich et al. (2014) gives (m − M) 0 = 23.38 ± 0.02 stat ± 0.04 sys (≈ 474 ± 13 tot kpc). In Whitelock et al. (2013) , an alternative to Cepheid variables is proposed using Mira variables for distance measurement. These are AGBs which vary in magnitude over periods of several hundred days. NGC 6822 is used as one example of the measurement of distance using Mira variables and after calibration of the method using Miras in the Large Magellanic Cloud, the distance module for NGC 6822 is given as (m − M) 0 = 23.56 ± 0.03 mag (≈ 515 ± 7 kpc), somewhat greater than the other estimates. Morphologically, NGC 6822 has three components: a gaseous disk of HI (Fig. 1, left hand panel) , an outer spheroid of stars (Fig. 1 , right hand panel) and a small central core of young stars (Hodge et al. 1991) . Its HI content has been studied by de Blok & Walter (2000) and its the stellar content, especially Red Giant Branch (RGB) and Asymptotic Giant Branch (AGB) stars, by Letarte et al. (2002) , Battinelli et al. (2006) , Demers et al. (2006) and Sibbons et al. (2012 Sibbons et al. ( , 2015 . The HI gas disk appears to lie at a position angle (PA) of ∼ 130 • when observed from tip to tip (de Blok & Walter 2000) . However, it also appears to twist and in Weldrake et al. (2003) , the PA is stated as ∼ 110 • , which is closer to the major axis of the central part of the disk, as shown in Fig. 1 (left hand panel) . Letarte et al. (2002) shows that carbon stars lie well outside the HI disc and Demers et al. (2006) and Battinelli et al. (2006) show that the isophotes of RGBs of NGC 6822 are also elliptical, where the major axis PA changes from ∼ 65 • (outermost contour) to ∼ 80 • (innermost contour), as shown in Fig. 1 (right hand panel).
Much of the published velocity data for NGC 6822 has been derived from the HI gas content of NGC 6822 using the 21 cm line (Koribalski et al. 2004; Weldrake et al. 2003) . Koribalski et al. (2004) measures a heliocentric radial velocity, V helio , of −57 ± 2 km s −1 for NGC 6822 from its HIPASS spectrum, and this now a commonly cited value. Mateo (1998) , and sources therein, also provide V helio based on the HI component, V ,radio of −54 ± 6 km s −1 , and Weldrake et al. (2003) similarly provides a HI derived systemic (radial) velocity 3 in the range −53.3 km s −1 to −54.7 km s −1 at the centre of the HI gas.
Rotation of the gas disk has also been measured at 21 cm. Mateo (1998) provides a value for the rotation of the HI disk, v rot,ISM , of 47 ± 3 km s −1 , and Weldrake et al. (2003) shows that the velocity of the HI disk ranges from −100 km s −1 at the NW extreme (blue-shifted) to +10 km s −1 at the SE extreme (red-shifted). McConnachie (2012) quotes a peak observed rotation speed of 47 ± 2.0 km s −1 , uncorrected for inclination or asymmetric drift, citing Koribalski et al. (2004) ; Weldrake et al. (2003) .
With regard to the stellar kinematics of NGC 6822, Mateo (1998) , and references therein, provide a value of V helio based on optical measurements of V ,opt = −53 ± 4 km s −1 . Kirby et al. (2014) studies the kinematics of seven isolated dwarf galaxies in the LG from the radial velocities of red giant stars, including NGC 6822, and derives a mean heliocentric radial velocity, V helio , of −54.5 ± 1.7 km s −1 for NGC 6822.
However, while there are published data for V helio , there are little regarding stellar rotation. Many publications refer to Demers et al. (2006) for stellar rotation, where the radial velocities for 110 carbon stars lying within 15 (∼ 2.1 kpc) of the HI major axis, taken from a sample in Letarte et al. (2002) , are measured, although the individual stellar measurements are not published. A variation in residual velocity along the major axis of the outermost RGB isophote 3 We assume all velocities quoted in Weldrake et al. (2003) are corrected to heliocentric is interpreted to be a signature of rotation about the minor axis. As a result, the paper suggests that the carbon stars appear to rotate about an axis roughly perpendicular to the rotation axis of the HI disk, resembling a Polar Ring Galaxy (PRG). It would be extraordinarily useful if NGC 6822 is a PRG, since they are very rare. The Sloan Polar-Ring Catalogue (SPRC), which uses images from the Sloan Digital Sky Survey, includes only 6 confirmed PRGs from a total of just 275 candidates. Discovery of a nearby PRG would present a remarkable opportunity to study these galactic types at close hand. In a separate publication (Demers & Battinelli 2007) suggest that radial velocities of individual NGC 6822 giants might give some insight into rotation of the stellar population. Kirby et al. (2014) checked for signs of rotation in their sample of 7 dwarf galaxies, and found that only the Pegasus dwarf irregular showed obvious signs. For NGC 6822, they refer to the findings of Demers et al. (2006) . They comment that while a rotation of the order of ∼ 10 km s −1 is possible in NGC 6822, their data were too highly obscured by velocity dispersions to be certain.
The published studies of the galaxy's stellar rotation are complemented by other studies of the motion of globular clusters (Veljanoski et al. 2015) and planetary nebulae (Flores-Durán et al. 2014) . Veljanoski et al. (2015) studies the globular cluster (GC) system of NGC 6822, in which 8 GCs are presently identified (see Table 1 therein). The radial velocities of 6 of the GCs are given and V helio is deduced to be between −59 and −60 km s −1 . The spatial distribution of the GCs in their data is rather linear and lies approximately parallel to the major axis of the AGB isophotes. Three possible dynamical models are considered:
• 'Disk model', in which the rotation axes are similar to that suggested by Demers et al. (2006) . The resulting rotation rate is 12 ± 10 km s −1 .
• 'Cigar model', where the cluster system shares the same rotation axis as the HI disk. In this case the rotation rate is determined to be 56 ± 31 km s −1 .
• A scenario where there is no net rotation by disconnecting any relationship between the gas disk and the stellar component.
In none of these models are they able to independently determine the PA of the rotation axis owing to the small number of objects in their sample of GCs, but their preferred case is the 'Disk model', owing to its low rotation rate. They argue that in the case of the 'Cigar model' the rotation is too high, and would cause the sample to flatten into a disk which they do not observe.
In Flores-Durán et al. (2014) , the motion of 10 planetary nebulae (PNe) in the galaxy are studied. PNe are the evolutionary stage reached by AGBs after the end of their lives, and may thus provide complementary kinematic information of the galaxy. Flores-Durán et al. (2014) compute the mean V helio of the PNe to be −57.8 km s −1 . They compare their result with four extended star clusters (ESGs) which have a mean V helio of −88.3 km s −1 (Hwang et al. 2014) and with a C-star mean V helio of −32.9 km s −1 derived by Hwang et al. (2014) . The ESGs lie ∼ 10.5 kpc from the centre of NGC 6822 and show no signs of rotation (Hwang et al. 2014) . Flores-Durán et al. (2014) infer that the PNe, C-stars and clusters belong to different dynamical systems, but with so few PNe, they are unable to reliably fit the radial velocity data to either system. This paper provides the results of a new study of the kinematics of NGC 6822, based on the spectra of individual stars obtained in 2011 by Sibbons et al. (2015) , and follows studies by Sibbons et al. (2012 Sibbons et al. ( , 2015 which classify stars, photometrically and spectroscopically, from a set taken from the catalogue of Letarte et al. (2002) . These studies were able to distinguish C-type and M-type AGBs from other types, so that although Demers & Battinelli (2007) cautions that the separation of carbon stars associated with NGC 6822 from foreground Galactic dwarfs might be difficult, our present study has the advantage of using the spectra of stars which have already been classified as carbon stars in NGC 6822, with a high degree of confidence.
The radial velocities of well over 100 stars within a 4 kpc radius of the centre of NGC 6822, (the inner region), and well over 100 stars outside the 4 kpc radius, (the outer region), are measured and reported. In the inner region many of these stars are classified as carbon stars and are expected to be associated with the galaxy (Sibbons et al. 2015) . In the outer region, most of the stars are expected to be foreground Milky Way stars (Sibbons et al. 2012 (Sibbons et al. , 2015 .
Based on the aggregated sample of carbon stars in the inner region, a value for the heliocentric radial velocity of NGC 6822 is derived. The kinematics of individual stars in the sample indicate that they belong to the same population, supporting Sibbons et al. (2015) . Moreover, the radial velocity measurements are accurate enough to reveal rotation of the stellar component about an axis through the centre of the galaxy, and to derive its rotational speed and a new PA for the axis of rotation. In §2, we discuss the data set, its origins and its limitations. In §3, we discuss the method used to analyse the data set including the selection of objects for analysis. In §4, we discuss the results and in §5, we draw conclusions.
OBSERVATIONS AND DATA
This study uses AGB stars as tracers of kinematic properties of the galaxy. AGB stars are amongst the brightest stars in an intermediate-age or old stellar population and can be resolved in galaxies beyond the Milky Way, making it possible to study them individually. AGBs tend to divide into those with oxygen rich atmospheres (M-types), and those with carbon rich atmospheres (C-types or carbon stars). They have relatively low surface temperatures, T eff , ranging from as low as 2200 K (Matthews et al. 2015) for old stars near the end of their lives up to ∼ 4000 K for intermediate age stars 4 . The continuum peaks at wavelengths in the near infra red, with increasing brightness through the I, J, H and K bands.
The spectrum of a typical AGB contains a number of absorption features, predominantly broad TiO bands in Mtype AGBs, broad CN bands in C-type AGBs. The I−band spectral region also contains the Ca ii triplet lines in both types of AGB. The Ca ii triplet lines are ideal for measuring radial velocities as they are narrow atomic features and lie in a position where the continuum is relatively strong. In this study, we use the spectra of carbon rich AGBs classified by Figure 2 . The locations of 323 NGC 6822 objects targeted by Sibbons et al. (2015) , shown over 1.8 • of the sky. The black points and red point show 99 objects classified by Sibbons et al. (2015) as C-type AGBs. The red point marks object #31, which is discussed in the text. The 3 outermost C-type AGBs lie more than 4 kpc from the galactic centre and were not used in the analysis. The open circles mark the remaining objects which are given other classifications. The dotted ellipses approximate the location and extent of the gas disk and outermost stellar isodensity profile shown in Fig. 1 . The concentric appearance of the outer objects is due to the layout of the fibres on the spectrograph field plate. Sibbons et al. (2015) as follows: confirmed C-type stars (C); tentative C-type stars (C:), confirmed C-type stars which exhibit Hα and sometimes [S II] and [N II] emission (Ce) and tentative C-type stars which similarly exhibit emission (Ce:).
Wide band, low resolution spectra for 323 target objects, out to ≈ 8 kpc from the galactic centre, were obtained using the AAOmega multi-fibre spectrograph on 30 and 31 August 2011 (Sibbons et al. 2015 ). An optical fibre was placed over each target object position on the field plate of the spectrograph and throughout this paper, objects are referred to by their fibre number. Wide band gratings 385R and 580V were used in the spectroscopy but this study uses only the spectra from grating 385R, which has a bandpass from 5687Å to 8856Å, covering the Ca ii triplet, dispersed at 1.6Å pixel −1 . The spectra were reduced to science frames, using the AAOmega pipeline. The spatial position of each object is plotted in Fig. 2 , which shows 135 objects in the inner region, and 188 objects in the outer region. Ninety eight black points and one red point show the positions of the C-type AGBs. The red point is the location of object #31 which was utilised in the processing of the data described later. Three black points located just outside the outermost isodensity profile were not used in the analysis, so the total number of carbon stars used is 96. Ellipses which reproduce the location and extent of the gas disk and outermost RGB isodensity profile of NGC 6822 are also plotted on Fig. 2 . Fig. 3 shows the spectra of a typical C-type AGB, object #31, for both observing nights. It is evident that the spectrum of 31 August has a higher count in the continuum than that of 30 August and this results in a correspondingly higher signal to noise ratio, SNR. This is generally the case for all spectra and led us to place more weight on the results for the night of 31 August. The waveband containing the Ca ii triplet is shaded in grey in the left hand panel and its absorption features indicated at 8498.02Å, 8542.09Å and 8662.14Å (rest) in the right hand panel.
Although the velocity resolution of the grating was rather low, ≈ 56 km s −1 pixel −1 in the Ca ii triplet waveband of interest, and the individual errors rather higher, there were enough stars present in the sample to reduce the standard error in the mean velocity to ∼ 8%.
RADIAL VELOCITY MEASUREMENTS
To measure relative velocities, we used the cross-correlation technique of Tonry & Davis (1979) , as implemented in the IRAF 5 routine fxcor, star by star. We produced two composite spectra from the spectra of the AGBs in the sample, which were used as the template required by this technique. One template was made from C-type AGBs from the inner region, and the second from the dM-type stars in the outer region as classified by Sibbons et al. (2015) . Both templates were corrected to the 'rest frame', and then used to measure the radial velocities of the stars. The C-type template was used for all stars, while the M-type template was used for the objects in the outer region only.
The use of a composite template ensures that its spectrum is well matched to the object spectra, that is, it includes the same instrument and observing systematics as the object spectra. Moreover, the combination process makes a significant reduction in the noise content in the template, an important consideration as our spectra had originally been taken with a relatively short exposure time. The composite template spectra are shown in Fig. 4 . The undulations in the C-type spectrum are due to the remaining Ca ii triplet and to CN absorption lines.
fxcor generates a cross-correlation function of an object spectrum and the template spectrum, and fits a Gaussian to it. As the template is in the rest frame, the position of the Gaussian peak with respect to the baseline determines the radial velocity, V r , of the object, and application of the heliocentric correction 6 yields an object's heliocentric radial velocity, V helio . Initial experimentation and visual inspection were performed to find the best parameters to use in fxcor to minimise errors and maximise the number of successful cross-correlation operations. It was found that a 9 pixel Gaussian fit (≡ 13.5Å or 717 km s −1 ) fitted the shape of the peak of the cross-correlation function closely and did not limit the number of successful cross-correlations. All spectra were truncated to the waveband 8440Å to 8710Å, which covers the Ca ii triplet, to ensure that IRAF calculated the velocity resolution appropriate to this waveband, and the cross-correlation bandwidth was restricted to 8450Å to 8700 A to reduce spectral noise coming from outside this waveband.
The quality of the spectra is important. As well as low spectral resolution, many of our spectra had low SNR (< 10 pixel −1 ), causing noisy cross-correlation functions. These sometimes returned unreliable results or failed to give a result at all. To overcome these difficulties, selection criteria were adopted to rule out any spectra which might give rise to unreliable results. The criteria were based on the strength of the cross-correlation function, hght and on the radial velocities returned by fxcor as described below.
It was found, by inspection, that cross-correlation functions with hght > 0.4 give a strong peak with low sidebands, but those with hght < 0.2 do not. In these cases, the peaks are weak with respect to the sidebands and in some cases, multiple peaks occur. Between these limits, the quality of the cross-correlations degrades but useful results can be achieved in many cases. After visual inspection of each cross-correlation function, we excluded all cross-correlation functions where hght< 0.2.
We then examined the fxcor velocity returns. In a number of cases, unrealistically high values of V helio were observed. These can come about by selection of the 'wrong' peak by fxcor in noisy or multi-peak cross-correlation functions. Values of V helio as large as ±1554 km s −1 , ±4184 km s −1 or ±5734 km s −1 arise, which are regarded as unrealistic, and such values tend to be associated with hght values close to or less than 0.2. The distribution of velocities returned from fxcor, corrected to V helio , was analysed and showed that most velocities fall within ±200 km s −1 . All cross-correlation functions where hght> 0.4 yielded velocities within this range so, on this basis, heliocentric velocities falling outside this range were excluded. Right ascension (RA) and declination (Dec) of each object (J2000) according to Sibbons et al. (2015) . 5 I−band magnitude of C-type AGBs in the inner region from the catalogue of Letarte et al. (2002) . 6
Distance of the object from the putative galactic centre (α = 19 h : 44 m : 56 s (296.2333 • ), J2000 and δ = −14 • : 48 : 06 (−14.8017 • ), J2000) centred on the optical co-ordinates of NGC 6822 7 adopted by Sibbons et al. (2012 Sibbons et al. ( , 2015 and a galactic distance of 490 kpc (Mateo 1998). 7 & 8 Photometric classification of each object from Sibbons et al. (2012) , and its corresponding spectroscopic classification from Sibbons et al. (2015) . 9 & 13 SNR of each object calculated in the band 8560Å to 8650Å for the nights of 30 August 2011 and 31 August 2011 respectively. 10, 11 & 12 hght, the heliocentric radial velocity (V helio ) and the velocity error (Verr) returned from fxcor for the night of 30 August 2011. 14, 15 & 16 hght, the heliocentric radial velocity (V helio ) and the velocity error (Verr) returned from fxcor for the night of 31 August 2011. 17
Flag showing which objects were used in the composite templates: "C" for the C-type composite and "M" for the M-type composite.
Cross-correlation results with the C-type template
All 323 objects were cross-correlated with the C-type composite template. Application of the criteria discussed in §3 resulted in 128 successful cross correlations in the inner region and 107 in the outer region on 30 August, and 129 in the inner region and 124 in the outer region on 31 August. From the population of 96 C-type AGBs in the inner region, 89 gave results meeting the selection criteria on 30 August and 92 on 31 August. The full results of the radial velocity measurements and their individual errors over both nights are shown in full in the Appendix to the electronic version of this paper. The first 18 lines of these results are reproduced in Table 1 , with explanations of the column contents. Spectra which failed to meet the selection criteria are not included. Table 2 summarises the results. Column [3] shows the mean heliocentric radial velocities, V helio , of the sample. For the inner region, this can be considered a good approximation to the heliocentric radial velocity of NGC 6822. The mean individual error in column [4] is large and reflects the low resolution and low SNR of the spectra. σ (V helio ) in Column [5] , is the velocity dispersion, which is also high, nevertheless, the standard error of the mean (SE) in column [6] is small, 3 − 8 km s −1 , implying that, provided the individual errors are random, the mean and median (column [7] ) heliocentric radial velocities are well constrained. The mean velocities show reasonable consistency from night to night, with differences similar to the standard error in the mean, SE. The inner region differs by > −24 km s −1 from the outer region 8 , supporting the suggestion that the objects in the outer region are not part of NGC 6822.
Thus, we conclude that the heliocentric radial velocity of NGC 6822, as based on the sample of the inner Ctype AGB population, lies in the median range of −43 ± 4 to −51 ± 3 km s −1 (1σ ). The data for 31 August are preferred, owing to their better SNR, lower errors and greater number of successful cross-correlations than the data for 30 August, and provides V helio = −51 ± 3 km s −1 (1σ ). This compares favourably with published values described earlier. Fig. 5 plots V helio of all objects which meet the acceptance criteria, by distance D from the galactic centre, for both nights. It shows a number of differences between the inner and outer populations. The inner objects tend to clump more closely around the median value for the inner region and they are therefore likely to be part of the same dynamical system, while the outer objects are much more widely spread about a different median value, indicating a separate population. This suggests that the inner population is associated with NGC 6822, supporting similar conclusions in Sibbons et al. (2012 Sibbons et al. ( , 2015 , while the outer population is not.
The aggregated results of the cross-correlation of the spectra of objects in the outer region using the M-type template are also presented in Table 2 . Both the formal errors, V err , and the spread of results, σ (V helio ), are reduced by switching to the M-type template in the outer region. The improvement observed in outer region errors when an M-star template is used supports the conclusion that the outer stars are predominantly dM-type, dK-type and other unclassified foreground stars of the Milky Way, (Sibbons et al. 2015) .
Rotation of the carbon star population
In the inner region, the V helio of each C-type object was compared to the sample mean, V helio , which we take to be the mean motion of the galaxy. This provides a measure of the motion of each object in the rest frame of the galactic centre of NGC 6822. Fig. 6 plots the locations of the inner C-stars, colour coded by the value of its residual velocity, V helio − V helio , using a colour range from red (for positive values) to blue (for negative values). The colour range is consistent with red and blue shift and indicates whether an object is receding or approaching in the rest frame of NGC 6822. In the lower panel for 31 August, it can be seen that receding objects dominate the south east sector and approaching objects the north west sector, suggesting rotation of the C-star population about an axis, oriented approximately NE-SW. In the upper panel, for the night of 30 August, the pattern is less obvious but still apparent.
To examine this further, an axis of rotation was hypothesised lying in the plane of the sky and passing through a pivot point at the centre of the galaxy. The axis was rotated through 360 steps of 1 • , starting at a position angle (PA) of 0 • . At each step, the mean of the residual velocities of the stars on either side of the axis was computed. The subsample of stars falling on one side of the line is termed the 'North Bin', and for an axis with PA= 90 • , this is defined naturally. The subsample falling on the other side of the line is termed the 'South Bin'. Membership of each bin changes as the axis of rotation sweeps around and the value of its mean velocity residual also changes. By plotting the mean velocity residuals over 360 • , a clear rotational signature is observed, see Fig. 7 . The purple curves plot the mean rotational velocity of the 'North Bin' and the blue curves plot the mean rotational velocity of the 'South Bin'. In both bins and on both nights the curves rise and fall in opposition as the putative axis is rotated, confirming our impression of a rotating population. Furthermore, the curves for the 30 August and 31 August both suggest a similar sense of speed and rotation, even though the curves for 30 August are noisier.
The green curve in each case shows the sum of the average 'North' and 'South' velocities, which is generally offset from zero as the number of stars in the 'North' and 'South' bins is not always equal at each step. Over the full 360 • , the offset should average to zero if the centre of the stellar sample and the pivot point of the hypothesised axis of rotation (the galaxy centre) are coincident. In this case, the green curve appears to lie mainly above the zero line, which suggests that the pivot point adopted does not coincide perfectly with the rotational centre of the sample. Changing the co-ordinates of the galactic centre in our analysis to the centre of the sample eliminates the offset, but has no significant effect on the rotation characteristics.
Using a least squares method, a sinusoid of the form y = V rot sin(θ − θ 0 ) + y 0 was fitted to the measured residual velocities, y, for each bin, such that (ŷ−y) 2 is minimised. The peak amplitude gives the mean rotational velocity, V rot , θ tracks the PA of the hypothesised axis and is stepped in 1 • intervals, and θ 0 is the value of θ whenŷ − y 0 = 0. y 0 is the offset. Solving for y 0 , θ 0 and V rot ,ŷ is plotted in Fig. 7 , as dotted and dashed sinusoids for the 'North' and 'South' bins respectively. The rotation axis PA occurs at the peak of the sinusoid, so its PA is given by the value of θ whenŷ is a maximum. This occurs at θ 0 ± 90 • . , we show the PA of the galactic rotation axis and an estimate of its positional error found by taking the RMS, over 360 • , of θ − θ , where θ is the angle which gives the value ofŷ(θ ) in the sine function at the best fit PA. Column [5] shows the mean offset of the sinusoid due to the axis pivot point and the sample centre not being coincident.
The sense of rotation on both nights is the same and is such that the south eastern side is receding and the north western side is approaching, which corresponds with the rotation of HI gas in Weldrake et al. (2003) . Moreover the rotation velocities and estimated PA for each night correspond within the estimated errors which gives us good confidence in the result. Nevertheless, owing to the better quality spectra for 31 August, better SNR and better error results, we take the results for 31 August, i.e V rot = 11.4 ± 2.1 km s −1 and PA = 26 ± 13 • as the more reliable.
Up to now, we have been considering only objects < 4 kpc from the galaxy centre . These correspond to objects in the Letarte et al. (2002) catalogue. Nevertheless there are 3 outliers at distances ∼ 5 kpc, which lie close to the stellar ellipse in Fig. 2 and which are classified as C-type AGBs (Sibbons et al. 2015) . These objects lie in positions close to the major axis of the ellipse. If we include these outliers in our estimates, the rotation rate and rotation axis become V rot = 11.2 ± 2.5 km s −1 PA = −5 • ± 20 • for 30 August and V rot = 12.1 ± 2.3 km s −1 PA = 19 • ± 14 • for 31 August, well within the margins of error for our sample. 5 DISCUSSION AND CONCLUSION Table 4 compares our results with the published data previously summarised in §1. The heliocentric radial velocity we obtained for NGC 6822 is −51 ± 3 km s −1 , based on the results from the better of the two nights of observations of a sample of its intermediate age carbon star population. This is a little lower than its HI counterpart -−57 ± 2 km s −1 - (Koribalski et al. 2004 ) but shows less than 1.6σ difference to this and the other estimates above, except that of Hwang et al. (2014) where it is apparent that the errors in Hwang et al. (2014) are large enough to include our result. In our sample, the grouping of objects in the inner and outer regions of the observed field indicates that the inner objects belong to NGC 6822, while the outer objects are more likely to be Milky Way stars, in support of the conclusion in Sibbons et al. (2015) . Rotation of the carbon star population about an axis having PA = 26 ± 13 • has been shown with a rotation speed V rot = 11.2 ± 2.1 km s −1 , based on the better of the two observing nights. While we see some movement in the PA of the rotation axis due to the AGB outliers in Fig. 2 , their numbers are too small to draw any real conclusions on its significance. Radial velocity data from more objects spread broadly throughout the stellar ellipse in Fig. 2 would provide better data. Nevertheless, the sense of rotation of the sample is that the SE corner is receding and the NW corner is approaching, similar to the rotation of the HI disk (Weldrake et al. 2003) . We can infer from Weldrake et al. (2003) , that the PA of the rotation axis of the HI disk is ∼ 20 • to ∼ 40 • in the plane of the sky, assuming the rotation axis is perpendicular to the major axis of the gas disk. This is comparable to our estimate of the sky projected rotation axis of the C-type stellar population in this study. Thus we find that both axes are approximately coincident and the sense of rotation of the stars and gas is the same, leading us to conclude that NGC 6822 is not a PRG.
The PA of the major axes of the isodensity contours of the RGB stars in Demers et al. (2006) varies from 80 • for the innermost contour (radius= 10 ) to 65 • for the outermost contour (radius= 35 ). Our inner sample has a angular radius of ∼ 17 , and so falls between these extremes. Hence, there is a misalignment of ∼ 45 • between our rotation axis and the respective isodensity profile. Furthermore, since V rot is derived from mean velocities, it is reasonable to adopt the mean distance of our carbon star sample from the galaxy centre as a basis for further comparative discussion. This distance is D = 1.1 kpc. Interpreting the velocity diagrams of Weldrake et al. (2003) , the rotation speed of the HI disk can be estimated to be ∼ 30 km s −1 at 1.1 kpc (≈ 8 arcmin) from the galactic centre. This rotation speed is faster than our Cstar sample confirming differences in the rotation speeds of the rotationally supported gas and the pressure supported intermediate age stellar populations.
The rotation misalignment, apparent separation of gas and stellar populations and effect of AGBs filling the gap between the central sample in this study and the stellar ellipse depicted in Fig. 2 would benefit from further study, particularly at higher SNR and better resolving power. Fibre number and the target identifier respectively as defined by Sibbons et al. (2015) .
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Right ascension (RA) and declination (Dec) of each object (J2000) according to Sibbons et al. (2015) . 5 I−band magnitude of C-type AGBs in the inner region from the catalogue of Letarte et al. (2002) . 6
Distance of the object from the putative galactic centre (α = 19 h : 44 m : 56 s (296.2333 • ), J2000 and δ = −14 • : 48 : 06 (−14.8017 • ), J2000) centred on the optical co-ordinates of NGC 6822 9 adopted by Sibbons et al. (2012 Sibbons et al. ( , 2015 and a galactic distance of 490 kpc (Mateo 1998). 7 & 8 Photometric classification of each object from Sibbons et al. (2012) , and its corresponding spectroscopic classification from Sibbons et al. (2015) . 9 & 13 SNR of each object calculated in the band 8560Å to 8650Å for the nights of 30 August 2011 and 31 August 2011 respectively. 10, 11 & 12 hght, the heliocentric radial velocity (V helio ) and the velocity error (V err ) returned from fxcor for the night of 30 August 2011. 14, 15 & 16 hght, the heliocentric radial velocity (V helio ) and the velocity error (V err ) returned from fxcor for the night of 31 August 2011. 17
Flag showing which objects were used in the composite templates: "C" for the C-type composite and "M" for the M-type composite. 
